Thought Experiments and Intuitions
If intuitions play a distinctive role in the empirical sciences -if they are significant in scientific method not only in so far as scientists occasionally do logic or mathematics -then this is presumably in thought experiments. 1 Indeed a rather seductive view, prima facie, is that intuitions (and intuition statements) are to thought experiments as perceptions (and observation statements) are to experiments; and as such, that they play an evidential role. (I use 'intuition' to mean 'intuitive judgement'. Following Gopnik and Schwitzgebel (1998: 77) , a judgement is intuitive if it is 'not made on the basis of some kind of explicit reasoning process that a person can consciously observe'. 2 ) At the very least, this appears to be correct for many thought experiments, such as the one due to Simon Stevin that I will present in the next section.
Thought experiments are interesting because they appear, on the surface, to be means by which to delimit ways the world might be from the armchair. In some special cases, what's more, such delimitation results in only one possibility remaining; and one is then able to derive its actuality. This might not be terribly surprising if the kinds of possibility involved were strictly or narrowly logical -if they merely 1 Naturally there may be other uses. Following Gopnik and Schwitzgebel (1998) , for example, one might say that intuitions can be used as hypotheses too. But my own view is that the real work of science goes on in the so-called context of justification rather than the context of discovery. In short, what we do with our hypotheses when we have them is the crucial part; see Rowbottom (2011a) . Nevertheless, it is worth adding that the limits of our imagination (and hence our intuitions) may bear on the realism issue. For example, if our hypotheses are appropriately constrained by experience, and the unobservable world is significantly different from the observable one, then this tells against scientific realism. See Rowbottom (2012) . 2 For a treatment of the many different uses of 'intuition', see Jenkins (This Volume). concerned the laws of logic and the definitions of terms, e.g. recognitions that an object cannot be light and heavy simultaneously -but they sometimes appear to be metaphysical or nomic. This paper is written with a spirit of humility. I do not think that we are in a position to determine what thought experiments in science rest on (and the nature of the intuitions therein); instead, I believe the best we can do is to explore the possibility space, and continually refine the various resultant positions in response to immanent and transcendent criticisms. 3 This is a kind of gentle progress where we get a better understanding of the options, and their relative merits and demerits; and I think it is progress worth making. Personally, I am interested in the prospects of the view that thought experiments (and the intuitions therein) rest, ultimately, on experience. In particular, I am concerned with articulating and defending the claims that: (A) the raw conceptual materials of natural scientific thought experiments are derived from experience; and (B) our 'intuitions' about how these concepts interrelate also derive from experience (where this includes learning how to use words, e.g. by ostensive definition). Call this scientific intuition empiricism, to be contrasted with scientific intuition rationalism (which involves the denial of at least one of these theses). I will try to persuade you of its viability and attractiveness, by appeal to theoretical virtues such as simplicity, but I do not think I have any evidence that it is true. (Equally, I don't think its opponents have any evidence that it is false). But naturally, those who disagree with my stance on inference may think that I succeed in doing rather more than I take myself to be capable of! After giving an example of a thought experiment, I will look at one of the most developed -and one of the most bold and interesting -versions of scientific intuition rationalism, which is due to James Robert Brown. I will then endeavour to tease out a novel problem for this. My strategy is to be as sympathetic as possible, and to buy into many of Brown's premises that I personally reject, rather than concentrate on the more foundational issues that divide us. In short, I am aiming for an immanent approach to criticism; and one of the virtues of this, I hope, is that it will help the reader to seriously entertain Brown's position on intuitions and thought experiments.
I will subsequently devote my attention to an alternative account of thought experiments championed by John Norton, according to which they are arguments. I will argue that this is not quite correct either, with reference to different understandings of the thought experiment of Stevin, but that thought experiments are best seen as argument pumps. In this, I will suggest, they are similar to actual physical (or 'real') experiments.
Stevin's Thought Experiment
Before I launch my discussion of different accounts of thought experiments, it will help to have an example in mind; the one I choose is not only a personal favourite, but also has special significance in the account of Brown that I discuss in the next section.
It concerns a contemporary of Galileo's, namely Simon Stevin, who derived the Principle of the Inclined Plane by considering a string of equally spaced balls, each of equal mass, draped over a triangular prism. (If liked, one may follow Ernst Mach in instead imagining a uniform chain.) Stevin's reasoning was simple but brilliant. First, the chain will remain stationary.
Second, the lower portion of the chain (between S and V below the prism) is symmetrical, and therefore pulls the remainder of the chain (between S and T and T and V) equally clockwise and anti-clockwise. Now we need only imagine cutting the chain at S and V, and can see that the remainder of the chain will remain stationary.
Figure 1
Stevin's Thought Experiment 'Hence: on inclined planes of equal heights equal weights act in the inverse proportion of the lengths of the planes' (Mach 1893: 34) . We have our principle of mechanics.
Where does an intuition enter? At the very least, this is in the initial claim that the chain will remain stationary; whether there are any intuitions involved in the other steps, or whether appeal to (either folk or somewhat more developed formal) physics is all that is needed, we can leave as moot. Personally, I am sympathetic to what Mach says here: that we expect the chain not to move on the basis of our experience of similar scenarios, e.g. of hanging a coat on a peg. Others take a different view.
Before we continue, I should point out that some might object to the very way that I have presented the thought experiment. I said only 'the chain will remain stationary';
and this follows the summary of Mach (1893: 34) , according to which, 'the assumption from which Stevin starts [is] that the endless chain does not move'. But Brown (2010: 3) treats matters rather differently, by starting instead with only the upper portion of the chain present on the triangular prism (i.e. between S and V on top of the prism). He continues:
How will the chain move? ... There are three possibilities: It will remain at rest; it will move to the left, perhaps because there is more mass on that side; it will move to the right, perhaps because the slope is steeper on that side.
Stevin's answer is the first: it will remain in static equilibrium. The second diagram below [equivalent to my figure 1] clearly indicates why. By adding the links at the bottom we make a closed loop which would rotate if the force on the left were not balanced by the force on the right. Thus, we would have made a perpetual motion machine, which is presumably impossible.
An interesting question, which I will come back to, is whether Brown and I have presented two different (but highly similar) thought experiments. (In fact, Mach's initial presentation was different again; so, as we will later see, is a reconstruction due to Norton (1996) . 4 ) But I wish to emphasise that Brown (2010: 4) thinks: 'The assumption of no perpetual motion machines is central to the argument, not only from a logical point of view, but perhaps psychologically as well.' My presentation did not mention perpetual motion at all; nor do I think it should have. When Brown writes of 'three possibilities', I see infinitely many possibilities. The chain could move for n seconds and stop (and maybe start again m seconds later, and so on, but not perpetually). Or have a small propensity to move and a large propensity not to move.
Or explode. Or transmute into a bird and fly away. That is, I think, for all we know independently of experience.
Presumably Brown would agree that these are possibilities, of a logical variety, if pushed. Ultimately, our disagreement would be on why it is reasonable to disregard them, or to rule them out. We will return to this. Brown (1991 Brown ( , 2001 argues that we can grasp some laws of nature a priori, by intuition alone. To some, this view will appear absurd. But it is less so, at least, when it is set in proper context. First, Brown has an independent view that intuitions play a central role in mathematical inquiry, in so far as they allow us to comprehend mathematical entities qua abstracta; and hence, they already play a role in science, albeit indirectly, in so far as mathematical results are required in science. 5 Second,
Brown's Account of Thought Experiments
Brown thinks that laws of nature should be understood to reflect connections between universals, following Fred Dretske (1977 ), Michael Tooley (1977 , and David Armstrong (1983) . In the words of the latter: 4 Here's what Mach (1893: 33) initially says, considering the scenario in figure one: 'The chain will either be in equilibrium or it will not. If we assume the latter to be the case, the chain, since the conditions of the event are not altered by its motion, must, when once actually in motion, continue to move forever, that is, it must present a perpetual motion, which Stevinus deems absurd. Consequently only the first case is conceivable. The chain remains in equilibrium.' I discuss this presentation in detail later. 5 Note also that nothing I say here questions the existence of mathematical explanations of physical phenomena, as suggested by Mark Colyvan (2001) and Alan Baker (2005) .
Suppose it to be a law that Fs are Gs. F-ness and G-ness are taken to be universals. A certain relation, a relation of non-logical or contingent necessitation, holds between F-ness and G-ness. (Armstrong 1983: 85) Brown also holds this view independently of his view on intuitions, in light of the problems with other accounts of laws, especially the regularity account championed by the likes of Alfred Ayer (1956) . In particular, the notion that laws are just universal statements to which we take particular attitudes runs the risk of conflating epistemic and metaphysical issues, according to some philosophers. The line goes that there may be laws even if we cannot identify them. So even if we can only glean whether a given regularity lacks exceptions -in fact, on my own view, it is hard to see how we could even do that 6 -it does not follow that some regularities are not 'special', in so far as they are necessary in some non-epistemic sense.
I am unconvinced that we should be Platonists concerning mathematicsunconvinced, in particular, that the prospects for an empiricist line on mathematics are as bad as Brown (2010: Platonic ones, which are simultaneously destructive and constructive (and direct). 6 See, for example, Rowbottom (2010) . 7 Conjectural cases are different from direct cases in so far as they do not result in any one theory in particular. Rather, the 'point of such a thought experiment is to establish some (thought-experimental) phenomenon; we then hypothesize a theory to explain that phenomenon' (Brown 1991: 40) . Stevin's thought experiment, which Brown classifies as direct, does not seem to be like that. It appears instead that a lone theory 'falls out'. Now according to Brown (2010: 40) , Stevin's thought experiment, discussed previously, is direct but not Platonic because it does not contain a destructive component; specifically, it is not true that it 'destroys or at least presents serious problems for a theory' (Brown 2010: 33) . However, it seems to me that the distinction between direct and Platonic is arbitrary from an epistemic perspective, in so far as it historically contingent. To be more specific, any direct thought experiment will implicitly rule out (or tell against) theories that are inconsistent with those that it tells in favour of. Imagine, for example, that Stevin had started with the general theory that 'For any non-looped chain, there will be at least one triangular prism -with angle ACB at an appropriate value, between zero and ninety -that it will fall off when draped over'. (Perhaps he did start with this theory, as a matter of fact, but abandoned it in his presentation of the thought experiment.) Then the thought experiment would have been Platonic, it seems to me, and have involved grasping contingent relations between universals on Brown's view. I therefore take it to be a pertinent example.
(Note, nonetheless, that nothing I will argue in the remainder of this section requires that Stevin's thought experiment be classified one way or the other. My argument will still go through.)
Having accepted many premises that I personally reject, I will now argue that empiricism concerning thought experiments is nonetheless a reasonable position, due to a key lacuna in the Platonic account of Brown. This involves a mystery that lies at its heart, concerning how we perceive/intuit relations between universals. But before I come to explain this, there is an important caveat.
Figure 2
Brown's Taxonomy of Thought Experiments
It may be tempting to think that intuitions are mysterious in a way that perceptions are not at all, but I follow Brown (2010: 81-82 & 108) in thinking that this is a mistake.
Even if we take all of our physics at face value -in a way that I, as a philosopher with skeptical tendencies, am hesitant to do -it seems that our story ceases at a crucial juncture. Electromagnetic waves of a range of frequencies enter the eye, forming an image on the retina. Waves of particular frequencies cause our photoreceptor cones (and/or rods, and/or ganglions) to fire, meaning that the photoreceptive pigments in these change conformation. Ultimately, through a complex biochemical pathway, this results in a membrane potential and an electrical signal being generated. In some cases, e.g. in the case of rods, this signal is strongly amplified (so that even a lone photon can be detected But now let us consider how we come to be acquainted with -or to use the language of Bertrand Russell (1911) , gain knowledge by acquaintance of -the universals relevant to the laws of natural science. The short answer, again following Russell (1912), appears to be that this is via their instantiation by observable things. So in short, we become acquainted with universals such as circularity via acquaintance with circular concrete things. 10 At the very least, there are many universals used in scientific laws that we would not have become acquainted with in the absence of specific sensory modalities. It is uncontroversial, for example, that no human can 9 James Ladyman (2000) concurs that van Fraassen appears to be a direct realist. At the very least, it is clear from the following passage that he is not an indirect realist: Such events as experiences, and such entities as sense-data, when they are not already understood in the framework of observable phenomena ordinarily recognized, are theoretical entities. They are, what is worse, the theoretical entities of an armchair psychology that cannot even rightfully claim to be scientific. I wish merely to be agnostic about the existence of the unobservable aspects of the world described by science-but sense-data, I am sure, do not exist. (Van Fraassen 1980: 72) 10 A critic might urge that we only ever see approximately circular things, after Plato. However, this seems presumptuous in so far as we may possess sense impressions, distinct from the physical things we observe, or at least ways of perceiving circularly (on an adverbial theory of perception). In any event, for present purposes I am content to accept that seeing things that approximately instantiate some universal is sufficient for grasping that universal. grasp redness unless they have seen a red thing; so if we were all born blind, and remained blind, no-one would speak of redness at all. It is also hard to deny that experience is the sole means by which we become acquainted with the universals that are the special concern of natural scientific theories; those relating to charge and mass, for example. And Brown does not offer any argument to the contrary.
So far, there is no problem for Brown's view. But let us now ask how we become acquainted with the contingent relations between universals that Brown discusses. Let us concede, for the sake of argument, that some necessary relations are apparent; let's accept it is clear that all circular objects are shaped objects, for instance, due to a connection between the relevant universals (circularity/circular-ness and shapedness). (As the connection between these two kinds of property is manifest, it seems we must accept this when we've granted the existence of the universals. 11 ) This presumably entails that we have the ability to intellectually grasp some metaphysical modalities. But how about the contingent relations that Brown takes to be the basis of scientific laws, i.e. that determine modalities in the nomic dimension? How exactly does one spot the connection between being extended and being massive, for example?
Here, I contend, Brown has nothing to say. But the empiricist who buys into the same account of laws may, by contrast, say that we come to posit (and perhaps even confirm the existence of) such connections through experience of co-instantiation of the relevant universals. 12 There is a long tradition in the philosophy of science of thinking in this way, which goes back to at least Francis Bacon (1620) .
Moreover, the empiricist can explain why we only sometimes spot the contingent connections between universals; this is because we only sometimes spot that the universals in question are co-instantiated, and/or only sometimes pay attention to the relevant patterns of co-instantiation. I cannot see a rival rationalist story. In summary, 11 I should add that I think that there is a mere conceptual necessity, not a metaphysical necessity, here. For the record, I do not believe in universals. 12 For an anti-inductivist, which Brown (2010: 32) is emphatically not, the desirability of appealing to intuition may be greater. This is because experience could only ever lead us to falsify claims about how universals were contingently linked. It could never confirm them. See Rowbottom (2010) . then, the empiricist is able to provide an answer to two questions that the rationalist cannot on Brown's very own preferred account of laws.
Norton on Thought Experiments as Arguments
If Brown's account of thought experiments is rejected, then what are we to put in its place? The most popular alternative, which has been championed by Norton (1991 Norton ( , 1996 Norton ( , 2002 Norton ( , 2004 in a series of papers, in which he covers an impressive array of historical examples, is that thought experiments are simply arguments which:
(i) posit hypothetical or counterfactual states of affairs, and (ii) invoke particulars irrelevant to the generality of the conclusion. (Norton 1991: 129) What kinds of arguments are they? 'A very broad range of argument forms should be allowed… [including] inductive argument forms.' (ibid.) And it follows that some thought experiments are considerably better than others: 'A good thought experiment is a good argument; a bad thought experiment is a bad argument.' (Norton 1991: 131) It would therefore seem that deductive cases, where the 'particular-free conclusion follows deductively from the premisses' (ibid.) are exemplars of good thought experiments; and gladly, Norton (1996: 350) thinks Stevin's is just such a case.
So on Norton's view, we can decide between empiricism and rationalism concerning scientific thought experiments by examining the grounds for belief in (or sources of) their premises. 13 (Naturally it might turn out that neither epistemological view is correct across the board; the premises of different thought experiments may be grounded in a variety, even a wide variety, of fashions.) In the case of Stevin's thought experiment, at least as I have presented it, experience appears to be enough. It is a matter of experience that chains don't move in actual circumstances similar to those hypothetical circumstances outlined by Stevin. 13 Indeed, Norton (1991: 142) states: 'I do not rule out the possibility that thought experiments can allow us to gain access to universals as Brown argues. However I urge that they may do so only insofar as these universals can be accessed via argumentation.' But are all thought experiments really arguments? Michael Bishop (1999) argues convincingly that they are not, by asking us to consider a well-known exchange between Niels Bohr and Albert Einstein. Without getting bogged down in unnecessary detail, the story is as follows. Einstein presented a thought experiment that he took to refute a view of Bohr. And although Bohr could not respond satisfactorily at the time, he was able to do so the very next day by discussing the same hypothetical/counterfactual circumstances. What's more, Einstein agreed with Bohr's response; he accepted, that is to say, that he had previously been mistaken. Now Bishop's concern is that this would mean that Einstein changed his mind about what was a good argument on Norton's view. In the words of Bishop (1999: 539- Here is what one must say if one believes that Einstein and Bohr were presenting tokens of the same t-argument-type: Bohr did not accept Einstein's t-argument, so he presented Einstein with a token of that same argument; and then when faced with a token of his own t-argument, Einstein proceeded to disavow that very argument.
But might Norton not respond by suggesting that Bohr presented a different (type of) thought experiment in response to Einstein? Bishop (1999: 540) suggests that this is wrong because 'Einstein could have rightly accused Bohr of changing the subject', and he did not. So the natural thing to say, Bishop thinks, is that Einstein and Bohr were discussing the same (type of) thought experiment, but developed different arguments on the basis of it. However, Norton (2002) has a convincing response. He points out that the thought experiments (and thus arguments) might be construed as different yet highly similar.
In particular, he suggests that there is just one key difference: Einstein's thought experiment occurs in classical spacetime, whereas Bohr's occurs in relativistic spacetime. As such, Einstein could not reasonably have accused Bohr of changing the subject. Rather, it became clear that his initial thought experiment (implicitly) presumed that his very own view of spacetime was incorrect! The relevance of Bohr's thought experiment, which introduced relativistic considerations but was otherwise identical, was evident.
Thought Experiments as 'Argument Pumps'
I agree with the verdict of Bishop (1999) that thought experiments are not arguments, but wish to argue for it with a different example. Specifically, I wish to return to Stevin's thought experiment, and consider how different philosophers present it. In particular, I will be interested in the different way that they present the argument for the principle of the inclined plane.
Recall my initial presentation of Stevin's thought experiment; I took it to be a fundamental premiss that the joined string, depicted in figure one, does not move. 14 And I probably took this from Mach (1893: 34) , who writes of 'the assumption from which Stevinus starts, that the endless chain does not move' at one point. However, this is not a premiss of the argument presented by Mach (1893: 33) on the page beforehand:
The chain will either be in equilibrium or it will not. If we assume the latter to be the case, the chain, since the conditions of the event are not altered by its motion, must, when once actually in motion, continue to move forever, that is, it must present a perpetual motion, which Stevinus deems absurd.
Consequently only the first case is conceivable. The chain remains in equilibrium. The symmetrical portion… may, therefore, without disturbing the equilibrium be removed.
Assuming that the translation is faithful, this treatment is imprecise. Clearly the second case is conceivable; I can picture, in my mind's eye, such a chain moving unceasingly. 15 Such movement is judged impossible because of assumptions such as 'the conditions of the event are not altered by its motion' and 'perpetual motion… [is] absurd'. But there is nothing in the scenario described by Stevin -as depicted in figure one -to suggest that such assumptions are true. These are imported. One might think that 'The chain remains in equilibrium' for many different reasons; indeed, one might be convinced that the chain would not move, as I was, without even and asks us to work out what will happen when the string is cut at particular points (or more accurately, when the symmetrical portion is somehow 'removed'). I take this to show that it is only central to the thought experiment to consider the difference between two possible setups; the means by which the transition is made is irrelevant.
(And in fact, there is no need for a transition at all. It suffices to consider two different chains, draped over two different prisms of the same type.) However, it is fascinating that such transitions do play a part in the arguments offered by Mach and Brown. And this suggests to me that thought experiments are not arguments. I suppose one might instead conclude that Mach and Brown present slightly different thought experiments. This seems rather odd, however, when both take themselves to be reporting on one and the same experiment. In short, it seems to me more natural to say that they have constructed different arguments on the basis of the same thought experiment than it does to think that they have constructed different thought experiments as well as different arguments. I contend that both understood the key point that Stevin sought to make, and the importance that understanding what happens in one kind of setup (with a string/chain forming a closed loop) has for understanding what occurs in another (involving an open string/chain). 16 Bishop (1999: 540) offers an additional line of argument in support of this conclusion, by driving a wedge between the notion of repeating an experiment and that of repeating an argument:
Thought experiments, like real experiments, can be repeated. And in order to repeat an experiment, it is not necessary (or even possible) to duplicate the original in all its details. In fact, if one thinks that an experiment has been botched, it would be folly to try to duplicate it, mistake and all. (Bishop 1999: 540) Even putting the aforementioned difference of presentation to one side, moreover, there are many other differences in the way Stevin's thought experiment, and/or the argument to be derived from it, are presented. Mach asks us to consider two possibilities; equilibrium and non-equilibrium. Brown asks us to consider three; the chain stays still, the chain moves clockwise, and the chain moves anticlockwise.
Mach appears not to think the mention of perpetual motion is crucial to Stevin's argument. 17 But Brown (2010: 4) thinks that 'the assumption of no perpetual motion machines is central'. And Norton (1996: 350) seems to agree, when he presents the argument in the following 'capsule form': 1. Assumption: The experimental arrangement is as shown in… Figure 1 . 16 Alternatively, an advocate of the view that thought experiments are arguments might suggest that I have reconstructed Stevin's argument in a superior, or simply different, way. Indeed, it seems that Mach (1893) , from whom many philosophers will first have learned of Stevin's thought experiment, does a rather fine job of improving on Stevin's lengthy and complicated initial presentation. At the very least, the presentations are strikingly different. See Kühne (2001: 320-322) . 17 At least, recall, this seems true if Mach (1893: 34) genuinely thought that 'the assumption from which Stevin starts [is] that the endless chain does not move'. As I earlier pointed out, however, Mach does mention perpetual motion in his initial discussion of the thought experiment, just one page before. So perhaps the correct view is that his treatment is not internally consistent, and/or that he had two distinct arguments in mind.
Assumption: Perpetual motion is impossible.
3. From 1 and 2: The chain is in static equilibrium.
Let's stick with Norton, for a moment, and also look at his treatment of the scenario depicted in figure one in slightly greater detail:
If the distribution of weight of the chain were to lead it to rotate about the prism, then it would do so endlessly, since the distribution of the homogeneous chain about the prism would be unaltered by such rotation. (Norton 1996: 349) Again, there are some puzzles here. Why should we assume that the distribution of the homogenous chain about the prism would be causally unaltered by such rotation?
And must the density of the material forming the chain remain uniform under rotation? (Imagine that the motion warmed the balls on the string to a temperature where they started to melt.) My point in raising these possibilities is just to illustrate how much is being imported in order to make these arguments seem plausible.
Certainly it is hard to see explicitly how the 'argument is deductive', as Norton (1996: 351) claims, unless we are expected to assume a good deal of physics. 18 But if we 18 It may help to compare the more detailed reconstruction of Laymon (1990: 170) :
Tx = x is a situation of the sort described by Stevin, namely, one where there's a prism with hypotenuse parallel to the ground, with a rope wrapped around it that has equally spaced balls attached and that is friction free, &c.
Ex = x is in equilibrium.
Px = x is a situation where there is perpetual motion (of Aristotelian type)…
[O]ur three premises are:
Stevin's argument that the rope is in equilibrium can be represented as: (by 1, 2, 3, 4 
and some logical cousin of modus ponens)
In short, my worries concern premiss four, which I take Norton to be arguing for in the previous quotation. assume this physics, the worry is that the principle of the inclined plane is also assumed (although not explicitly), and is not believed directly on previous experience.
So why do I think that all these different arguments derive from the same thought experiment? The answer is that they all concern highly similar 'hypothetical or counterfactual states of affairs'. To be more specific, they all involve the positing of the same hypothetical objects (e.g. chains) undergoing similar kinds of manipulations (e.g. being cut or extended and joined up). Put simply, my view is that a thought experiment is just an experiment that involves 'hypothetical or counterfactual states of affairs', and which serves as an argument pump. Not any old argument will appropriately relate to those states of affairs, in any given context; but many arguments will.
Does the 'argument pump' view have any special virtues? First, following something akin to Roy Sorensen's (1992: 214) principle of parity, it is satisfying that we may say that actual experiments are 'argument pumps' too. 19 We often disagree about what an actual experiment shows in so far as we construct different arguments on the basis of it, as opposed to questioning its results. For example, it is commonplace to 'explain away' apparent conflicts between theory and experimental results by appeal to factors that have not been considered in generating predictions. Thus any good secondary school pupil can explain why experiments in mechanics don't give quite 'the right answer' by appeal to friction, and so forth.
Second, it becomes explicit that the kind of theory-ladenness involved in observations in standard experiments also occurs in thought experiments. In each kind of experiment, theoretical context affects which arguments are generated and/or thought to be sustainable on the basis of the states of affairs. The only difference is whether the states of affairs are actual rather than hypothetical and/or counterfactual. thought experiments'. I take this to be an independently appealing viewpoint, at least in so far as 'experiment' takes the same referent. However, I personally think that thought experiments can conceivably 'become real experiments' not in the sense that they might become actual, but only in so far as they could be performed in different possible worlds. (I do not believe in actual frictionless planes, rather than approximations to these, for instance. And part of the distinct value of thought experiments is that they can involve situations that are physically impossible, in addition to those difficult or impossible to realize in practice.) In any event, it is
interesting to see what Buzzoni (2008: 69) says about Stevin's experiment:
Stevin's thought experiment is not demonstratively powerful because it can be reconstructed as an argument; rather, it can be reconstructed as an argument because, as soon as we see the apparatus built by Stevin and follow through the few steps of his experiment, we are persuaded of its validity. If we reconstructed Stevin's thought experiment as an incorrect argument, we would question our reconstruction rather than the experiment.
So it is possible for the holder of the 'argument pump' view to agree with the gist of the idea that 'we analyse and appraise thought experiments by reconstructing them explicitly as arguments and testing them against just those standards which we apply to arguments of other forms' (Norton 1991: 142) . What she will deny is that there is any reconstruction of the thought experiment, rather than reconstruction of the line of reasoning of some author based on the thought experiment. And in fact, the holder of the 'argument pump' view can venture an explanation of why it is necessary for so much reconstruction to occur. The problem is not typically in grasping the hypothetical and/or counterfactual states of affairs. Rather, it consists in grasping what someone else thinking about those states of affairs takes them to show. As already implied, in the previous mention of theory-ladenness, this kind of thing happens with standard experiments too. For some realists, the Casimir effect -that two parallel uncharged plates, in a vacuum, attract one another when in close proximity -shows the existence of virtual photons. For me, and indeed some scientists, it does not; and that's because we take virtual photons to be mere aids to calculation, mere instruments, rather than legitimate physical posits. 20
The 'argument pump' view is also as amenable to scientific intuition empiricism as Norton's alternative. Specifically, its advocate may hold that thought experiments are:
'not some kind of mysterious new window onto the physical world' (Norton 1991: 142) . Rather, the premises that play a part in the (good) arguments that it is possible to pump from thought experiments may rest on experience, rather than an additional faculty.
Might Norton rejoin that thought experiments are not (precisely) arguments, but instead classes of highly similar arguments? My response is twofold. First, this would constitute a genuine shift in his position, towards mine. (Indeed, I do not think this is a shift that Norton would want to make. But it is worth considering nonetheless.) Second, this view seems undesirable for pragmatic reasons, at the bare minimum.
(And this is true even if one thinks that the matter reduces, when such a shift is made, to a verbal dispute about 'experiment'.) It requires, unnecessarily, that we use 'experiment' differently in one context than in another; for physical (or 'real') experiments can be repeated, we are apt to say, just by bringing about relevantly similar actual states of affairs. If we can say the same about thought experiments, without any loss in explanatory power, so much the better. Among other things, doing so encourages us to look to physical experiments to understand the conditions for hypothetical and/or counterfactual states of affairs to be part of an experiment. For example, just as to accidentally knock a glass over is not to perform a physical experiment, so writing fiction is not necessarily to perform a thought experiment.
Experiments involve states of affairs intentionally brought about in order to solve problems. 21 20 For more on this, see Rowbottom (2012) . 21 Moreover, rather interestingly, it appears that physical experiments can be fit, roughly at least, into the classification scheme for thought experiments proposed by Brown, which I discussed in section 3. Certainly, physical experiments can be either destructive or constructive on most views of scientific method; they can refute and/or confirm/corroborate theories. Furthermore, they can illustrate phenomena that lead us to conjecture theories (i.e. be 'conjectural'). They can also 'articulate' theories (i.e. be 'mediative') on the view of Kuhn (1996, ch. 3); see Rowbottom (2011b Rowbottom ( , 2011c for some examples. Whether they can be 'direct' may be somewhat more controversial. But think of it this way. They can prompt 'direct' deductive arguments for one theory in particular, if appropriate premises are assumed.
